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I 
' INTRODUCTION, . 

Hydrogen c y a n i d e  (HCN) h a s  been one of  t h e  c o u n t r y ' s  s t r o n g e s t  growth 
pe t rochemica ls  i n  r e c e n t  y e a r s .  U .  S .  p r o d u c t i o n  h a s  i n c r e a s e d  from 174 m i l l i o n  
pounds i n  1960 to  350 m i l l i o n  pounds i n  1964,  a 1 0 0 - p e r c e n t  i n c r e a s e  over  t h e  
4-year  p e r i o d .  The growth of  p r o d u c t i o n  of  hydrogen c y a n i d e  h a s  been d i r e c t l y  
' r e l a t e d  t o  t h e  e x p a n s i o n  i n  p r o d u c t i o n  of  s y n t h e t i c  t e x t i l e s  from a c r y l o n i t r i l e .  
R e l a t i v e  growth and p r o d u c t i o n  of  hydrogen c y a n i d e  and a c r y l o n i t r i l e  i s  a s  
f o l l o w s  :. 

P r o d u c t i o n  o f  Hydrogen Cyanide and A c r y l o n i t r i l e  

Hydrogen cyanide,?' A c r y l o n i t r i l e ,  
Year m i l l i o n  l b  m i l l i o n  l b  

l o /  1960 174 229- 
1961 211 25%; 

360- 
10/  

1962 266 
455- 

10/ 
1963 293 
1964 350 593- 
1965 --- 371 ( 6  months)- 4 /  

About 50  p e r c e n t  o f  t h e  t o t a l  o u t p u t  of  hydrogen c y a n i d e  goes i n t o  t h e  
p r o d u c t i o n  o f  a c r y l o n i t r i l e ;  m o s t  of t h e  remainder  i s  u s e  i n  p r o d u c t i o n  of  
a d i p o n i t r i l e  and t h e  m a n u f a c t u r e  of methyl  methacry la te .1 '  However, i n  r e c e n t  
y e a r s  a c r y l o n i t r i l e  and a d i p o n i t r i l e  a r e  b e i n g  produced by p r o c e s s e s  which 
g e n e r a t e  hydrogen c y a n i d e  a s  a byproduct .? /  The b u l k  of  a c r y l o n i t r i l e  i s  a, 
used i n  p r o d u c t i o n  o f  a c r y l i c  f i b e r  (Or lon ,  A c r i l a n ,  Dynel ,  Z e f r a n ,  e t c . ) , -  
a s m a l l e r  amount i n  p r o d u c t i o n  of n i t r i l e  r u b b e r ,  t h e  a d i p o n i t r i l e  i n  manu- 
f a c t u r e  of  Nylon. 

The manufac ture  o f  sodium cyanide  u t i l i z e s  about  7 p e r c e n t  of  hydrogen 
c y a n i d e  p r o d u c t i o n .  The r e m a i n i n g  hydrogen c y a n i d e  goes t o  a l a r g e  number of 
r e l a t i v e l y  s m a l l  u s e s  i n c l u d i n g  f e r r o c y a n i d e s ,  a c r y l a t e s ,  e t h y l  l a c t a t e ,  l a c t i c  
a c i d ,  c h e l a t i n g  a g e n t s ,  o p t i c a l  l a u n d r y  b l e a c h e s ,  and p h a r m a c e u t i c a l s .  

The Andrdssod p r o c e s s  is  t h e  major  commercial  p r o c e s s  used f o r  producing  
hyj rogvl i  : / a i i d e .  It invo1v:s the r e a c t i o n  o f  methane,  ammonia, and a i r  over  
a p l a t i n u m  c a t a l y s t  a t  l , O O O o  t o  1,200' C . 2 1  
a l l o y e d  with rhodium (10 t o  20  p e r c e n t ) .  

The p l a t i n u m  c a t a l y s t  i s  u s u a l l y  

Convers ion  by t h e  Andrussow p r o c e s s  i n  a s i n g l e  p a s s  i s  l i m i t e d  t o  about  
69 p e r c e n t  o f  t h e  ammonia ( a b o u t  75 p e r c e n t  w i t h  gas  r e c y c l e )  and 53 p e r c e n t  
of  t h e  methane. A t y p i c a l  a n a l y s i s  of t h e  r e a c t i o n  g a s e s  l e a v i n g  a c a t a l y t i c  
r e a c t o r  i s  a s  f o l l o w s  i n  volume-percent :  Ni t rogen  56.3,  water  vapor  23.0, 
hydrogen 7 . 5 ,  hydrogen  c y a n i d e  6 .0 ,  carbon monoxide 4.4, ammonia 2 . 0 ,  methane 
0.5,  carbon d i o x i d e  0 .2 ,  and oxygen 0.1. 

a/ Reference  t o  t r a d e  names is  made f o r  i d e n t i f i c a t i o n  o n l y  and does n o t  imply 
endorsement  by t h e  Bureau o f  Mines. 



403 

In t h e  C a t a l y t i c  Degussa p r o c e s s  which i s  no t  i n  g e n e r a l  u s e  b u t  i s  s i m i l a r  
t o  t h e  Bureau of Mines method i n  t h a t  h e a t  i s  provided  e x t e r n a . l l y ,  t h e  o f f g a s  
from t h e  ammonia-methane r e a c t i o n  c o n t a i n s  more t h a n  20 p e r c e n t  h y d r o g e n , c y a n i d e .  
U t i l i z a t i o n  of methane and ammonia a r e  r e p o r t e d  a s  91 and 85 p e r c e n t ,  r e s p e c t -  
i v e  l y  . 

I n  i t s  s e a r c h  f o r  new u s e s  f o r  c o a l  t h e  Bureau of Mines has  been . i n v e s t i -  
g a t i n g  t h e  product ion  of hydrogen cyanide  from cpa.1. Although hydrogen c y a n i d e  
i s  p r e s e n t  i n  coke oven g a s e s ,  and a t  one time was r e c o v e r e d  a s  a b y p r o d u c t , '  
t h i s  s o u r c e  of t h e  gas  h a s  n o t  been commonly used i n  t h e  Uni ted  S t a t e s  s i n c e  t h e  
development  of t h e  newer methane-ammonia.processes. Although t h e  p r o d u c t i o n  of 

could  be c o m p e t i t i v e  i s  a problem o f  major  c o n c e r n .  

EQUIPMENT AND PROCEDURE 

. .  
hydrogen c y a n i d e  from c o a l  i s  t e c h n i c a l l y  f e a s i b l e ,  p r o d u c t i o n  i n  y i e l d s  t h a t  . ... 

. .  . 
F i g u r e  1 i s  a f lowshee t  of t h e  e x p e r i m e n t a l  u n i t .  Coal  ground t o  minus 300 

mesh i s  dropped i n  f r e e - f a l l  th rough a h e a t e d  r e a c t i o n  zone i n  t h e  p r e s e n c e  o f  
ammonia a t  r a t e s  up t o  1 .10 l b / h r .  A r e v o l v i n g - d i s k  f e e d e r  e s p e c i a l l y  d e s i g n e d .  
by t h e  Bureau of  Mines t o  feed  c o a l  a t  low r a t e s  was c o n s t r u c t e d ;  i t  d e l i v e r e d  " 

t o  w i t h i n  5 p e r c e n t  o f  t h e  d e s i r e d  feed r a t e .  

A s p e c i a l  c o a l  feed  sys tem i s  used to  p r e v e n t  a g g l o m e r a t i o n  and p o s s i b l e  
p lugging  o f  t h e  r e a c t o r  by h e a t i n g  t h e  c o a l  r a p i d l y  through i t s  p l a s t i c  r a n g e  
(about  400' C ) .  

The r e a c t o r  i t s e l f  i s  a & - f o o t  l e n g t h  o f  v i t r e o u s  r e f r a c t o r y  m u l l i t e ,  
1 -1 /8  i n c h e s  I D  and 1-3/8 i n c h e s  OD, j a c k e t e d  w i t h  t w o  e l e c t r i c a l  r e s i s t a n c e  
h e a t e r s .  The t o p  h e a t e r  (maximum t e m p e r a t u r e  850" C) is 1 2  i n c h e s  l o n g  and i s  
wound w i t h  Nichrome w i r e .  It s e r v e s  a s  p r e h e a t e r  f o r  t h e  c o a l  and g a s .  A 
Kantha l  h e a t e r  (Al-Cr-Co-Fe a l l o y ,  maximum t e m p e r a t u r e  1,250' C) e n c l o s e s  t h e  
c e n t e r  20 i n c h e s  of  the t u b e ,  o r  t h e  r e a c t i o n  zone.  The bot tom s e c t i o n  o f  
t h e  r e a c t o r  is exposed t o  t h e  atmosphere f o r  r a p i d  c o o l i n g  o f  t h e  p r o d u c t  g a s e s .  

The bot tom of  t h e  r e a c t o r  tube f i t s  i n t o  a 4 - l i t e r  s i d e - a r m  f l a s k  o r  c h a r  
r e c e i v e r  i n  which t h e  h e a v i e r  s o l i d s  a r e  c o l l e c t e d .  The f i n e  s o l i d s  and carbon 
b lack  produced a r e  c o l l e c t e d  i n  an  e l e c t r o s t a t i c  p r e c i p i t a t o r .  A f t e r  t h e  
product  g a s e s  l e a v e  the p r e c i p i t a t o r  t h e y  p a s s  t h r o u g h  a c o o l e r ,  t h e n  t h e y  a r e  
e i t h e r  metered o r  s e n t  th rough a b s o r b e r s  t o  remove t h e  hydrogen  c y a n i d e  f o r  
a n a l y s i s .  

A l l  of  t h e  p i p i n g  and v e s s e l s  a r e  s t a i n l e s s  s t e e l  o r  g l a s s  i n  o r d e r  t o  
c o u n t e r a c t  t h e  c o r r o s i v e  n a t u r e  o f  t h e  g a s e s .  S i n c e  t h e  g a s e s  a r e  t o x i c ,  t h e  
u n i t  is c o m p l e t e l y  e n c l o s e d ,  and t h e  e n c l o s u r e  i s  w e l l  v e n t i l a t e d  t o  p r e v e n t  
any a c c u m u l a t i o n  o f  escaped  g a s e s .  The whole s t r u c t u r e  (6  f t  x 6 f t  x 15 f t  
h i g h )  is  covered  w i t h  s teel  s h e e t i n g .  It  h a s  an e x h a u s t  blower (400 cfm) on t h e  
r o o f  and a c c e s s  doors  a t  bo th  ground and 8 - f o o t  l e v e l s .  F i g u r e  2 shows t h e  
e x t e r i o r  of  t h e  u n i t  and f i g u r e  3 shows i t s  i n t e r i o r .  

3 
Product  gas  can be  r e c y c l e d  t o  t h e  t o p  o f  t h e  r e a c t o r  a d j a c e n t  t o  t h e  

cooled  f e e d  t u b e  a l o n g  wi th  p a r t  of  t h e  f e e d  gas .  T h i s  f l u s h e s  away any tar 
v a p o r s  which might  a d h e r e  t o  t h e  walls and c a u s e  p l u g g i n g .  The remainder  o f  
t h e  f e e d  gas  (0 t o  10 s c f h )  e n t e r s  t h e  r e a c t o r  w i t h  t h e  c o a l .  Ammonia, he l ium,  
methane,  n i t r o g e n ,  o r  a i r ,  or m i x t u r e s  of  t h e s e  g a s e s  fed  from c y l i n d e r s  have 
been used a s  feed g a s .  1 
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Before s t a r t u p ,  t h e  system i s  purged w i t h  i n e r t  gas .  A f t e r  t h e  r e a c t o r  
h a s  been h e a t e d  t o  1,250 '  C t h e  d e s i r e d  f lows  of c o a l  and gas .  a r e  s t a r t e d .  
Ammonia and n i t r o g e n  OK h e l i u m  a r e  t h e  g a s e s  u s u a l l y  used.  The g a s  f low i s  
g e n e r a l l y  s p l i t ,  p a r t  e n t e r i n g  t h e  t o p  of  t h e  r e a c t o r  a d j a c e n t  t o  t h e  cooled  
f e e d  t u b e ,  a n d  t h e  remainder  e n t e r i n g  w i t h  t h e  c o a l .  

The powdered c o a l  is fed  through a s t e a m - j a c k e t e d  tube  (5/16Linch OD) which 
e x t e n d s  i n t o  the  p r e h e a t  zone of t h e  r e a c t o r .  .The c o a l  l e a v e s  t h e  end o f  t h e  
feed t u b e  which is a t  t h e  t e m p e r a t u r e  of t h e  s team t o  e n t e r  t h e  p r e h e a t  zone of 
850' C .  The tempera ture  of the  c o a l  r ises  v e r y  suddenly  to  850" C because  o f  
t h e  h i g h  h e a t - t r a n s f e r  r a t e  t o  t h e  small p a r t i c l e s .  The c a r r i e r  gas  ( u s u a l l y  
he l ium,  an i n e r t  g a s )  f e d  wi th  t h e  c o a l  keeps  t h e  p a r t i c l e s  i n  motion and h e l p s  
p r e v e n t  agglomera t ion  a s  t h e  c o a l  r a p i d l y  p a s s e s  through i t s  p l a s t i c  r a n g e .  

Proximate and. u l t i m a t e  analyses-/are made of  t h e  c h a r  and h e a v i e r  
s o l i d s  c o l l e c t e d  i n  t h e  c h a r  r e c e i v e r  and of t h e  l i g h t e r  s o l i d s  c o l l e c t e d  by 
t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r .  Mass s p e c t r o m e t r i c  and chromatographic  a n a l y s e s  
a r e  made on s p o t  samples  of t h e  product  gas .  For c y a n i d e  d e t e r m i n a t i o n s ,  
metered amounts of  p r o d u c t  gas  a r e  bubbled t h r o u g h  t w o  s c r u b b e r s  i n  series 
c o n t a i n i n g  s o l u t i o n s  of  sodium h y d r o x i d e .  T i t r a t i o n  w i t h  s i l v e r  n i t r a t e  s o l u -  
t i o n  d e t e r m i n e s  t h e  t o t a l  c y a n i d e  p r e  sent  .i/ 

EXPERIMENTAL RESULTS AND DISCUSSION 

The i n i t i a l  tes ts  were made w i t h  a m e t a l l i c  r e a c t o r  tube ,  bu t  because  of 
low y i e l d s  o f  hydrogen  c y a n i d e  and f a i l u r e  o f  t h e  m e t a l  a t  t h e  t e m p e r a t u r e s  
employed, t h e  m e t a l  t u b e  w a s  r e p l a c e d  by a c e r a m i c  r e a c t o r  tube .  

In a l l  t h e  t e s t s  o f  t h i s  r e p o r t  w i t h  hvab c o a l ,  P i t t s h r g h  seam c o a l  from 
Bruce ton ,  Pa., was u s e d .  I t s  u l t i m a t e  a n a l y s i s  i s  a s  fo l lows  i n ' p e r c e n t :  
Carbon 7.5.6, ash 8 . 4 ,  oxygen 8.0, hydrogen  5 .1 ,  n i t r o g e n  1.6, and s u l f u r  1 .3 .  

The e f f e c t  of  v a r y i n g  t h e  coal-ammonia f e e d  rates is i l l u s t r a t e d  i n  t a b l e  1. 
Hydrogen c y a n i d e  y i e l d s  were computed from t h e  wet-chemical  method of a n a l y s i s  
which is  c o n s i d e r e d  t h e  more r e l i a b l e  method s i n c e  i t  was de termined  from pro-  
p o r t i o n a t e d  gas samples  t a k e n  c o n t i n u o u s l y  throughout  t h e  t e s t  (sample volume 
o f  0 .2  t o  2 cu f t ) .  Only s p o t  gas samples  (sample volume 0.01 c u  f t )  were used 
f o r  t h e  chromatograph and mass s p e c t r o g r a p h  a n a l y s e s .  

I n  t e s t  C-241 t h e ' c o a l - f e e d  r a t e  was 0.37 l b / h r  and t h e  ammonia-feed r a t e  
was 1 c u  f t / h r .  ( A l l  p r o c e s s  g a s  volumes r e p o r t e d  are c o r r e c t e d  t o  s t a n d a r d  

. c o n d i t i o n s  of  0" C and 760  mm mercury  p r e s s u r e . )  A hydrogen c y a n i d e  y i e l d  o f  
0 .6  c u  f t  p e r  cu  f t  o f  ammonia r e a c t e d  was o b t a i n e d ,  c o r r e s p o n d i n g  to about  
1 2  p e r c e n t  hydrogen c y a n i d e  i n  t h e  product  g a s .  

I n  t e s t  C-243 t h e  h v a b  c o a l - f e e d  r a t e  w a s , r e d u c e d  t o  0.19 l b / h r ,  whi le  t h e  
ammonia-feed r a t e  was i n c r e a s e d  t o  2 . 3  cu  f t / h r .  A y i e l d  o f  0.4 c u  f t  hydro-  
gen c y a n i d e  per c u b i c  f o o t  of  ammonia consumed w a s  o b t a i n e d ,  c o r r e s p o n d i n g  t o  
a b o u t  13  p e r c e n t  hydrogen c y a n i d e  i n  t h e  product  gas .  

The  y i e l d  of hydrogen  c y a n i d e  per  pound o f  c o a l  was approximate ly  doubled 
when t h e  c o a l - f e e d  r a t e  was h a l v e d  and t h e  ammonia-feed r a t e  doubled ( tes ts  
C-241 t o  2 4 3 ) ,  w h i l e  t h e  hydrogen  c y a n i d e  y i e l d  p e r  c u b i c  f o o t  of  ammonia con-  
sumed decreased  by one - t h i r d .  
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Table  1.- Data from T e s t s  w i t h  hvab  Coal and Ammonia w i t h  Helium a t  1 ,250° C 

Product  g a s ,  p e r c e n t  
T e s t  HCNL’ H,S N& H2 O-, N, CO ’ C 0 2  C& CZ% C 3 H 8  C8H10 

C-241 11.8 0.0 0.0 77.7 0 .1  6.7 9.6 0 . 3  5.1 0.4 I 0 . 1  0.0 
C-243 13.1 .O 17.5 68 .6  .9 6.8 4 . 0  .1 1.0 .o .o 1.1 
C-239 13.2 .1 .5 75.9 .1 4.4 10.6 .5  6 .9  .6 . I  . 3  
C-198 5 .4  . 3  .O 78.3  .3 3 .5  11.1 .3  5.7 .5  .o .o 

Feed Y i e l d ,  cu  f t  
T o t a l  

Coal  o f f  gas  Length H C N I C ~  HCNICU 
He 3 N Y 3 r  f e e d ,  H e - f r e e ,  of  r u n ,  HCN/lb f t  N& f t  N b  

c u  f t / h r  cu  f t / h r  l b / h r  c u  f t / h r  min c o a l  f e e d  consumed 

C-241 1 - 0 0  1.00 0.37 5.06 3 0  1.59 0.60 0.60 
C-243 0 .49  2.35 .19 4.90 30 3.31 .27 .40 
C-239 .98 1.00 .73 5.59 15  1.01 .74 .76 
C-198 2.12 0.20 .37- .40 3.61 15  0.51 .98 .98 

- 11 W e t - a n a l y t i c a l  method of  a n a l y s i s  f o r  HCN o n l y ;  o t h e r  components a r e  t h e  
a v e r a g e  of  2 chromatograph and 2 mass s p e c t r o m e t e r  a n a l y s e s ,  HCN-free b a s i s .  

In t e s t  C-239 ( t a b l e  1) t h e  c o a l - f e e d  r a t e  was i n c r e a s e d  t o  0 .73  l b / h r ,  
whi le  t h e  ammonia f low w a s  m a i n t a i n e d  at  1 cu  f t / h r .  A hydrogen c y a n i d e  y i e l d  
of  about  0 .8  cu f t  per  c u b i c  f o o t  ammonia r e a c t e d  was o b t a i n e d ,  e q u i v a l e n t  t o  
about  13 p e r c e n t  hydrogen c y a n i d e  i n  t h e  p r o d u c t  gas .  

In t h e  n e x t  l i s t e d  t e s t ,  C-198, t h e  c o a l - f e e d  r a t e  was 0.37 t o  0.40 l b / h r ,  
w h i l e  t h e  ammonia f low was o n l y  0.2 cu f t / h r .  The hydrogen c y a n i d e  c o n t e n t  i n  
t h e  p r o d u c t  gas  was o n l y  5 p e r c e n t ,  t a b l e  1, b u t  c o n v e r s i o n s  o f  a b o u t  100 
p e r c e n t  o f  t h e  ammonia were o b t a i n e d  with 1 cu  f t  of  hydrogen c y a n i d e  formed 
per  c u b i c  f o o t  of ammonia used.  This y i e l d  o f  hydrogen c y a n i d e  a p p r o x i m a t e s  
t h e  s t o i c h i o m e t r i c  y i e l d  a c c o r d i n g  t o  t h e  f o l l o w i n g  r e a c t i o n s :  

C + N& - HCN + H 2  
C& + HCN + 3H2. 

In t y p i  
a c t i o n ,  t h e  
i n c l u d e  . t h e  
h e a t e d  t o  h i  

c a l  commercial  u n i t s  u s i n g  c a t a l y s t s  f o r  t h e  methane-ammonia re- 
ammonia c o n v e r s i o n  a t t a i n e d  is  a b o u t  75 p e r c e n t .  Y i e l d  v a l u e s  
s l i g h t  amount o f  hydrogen c y a n i d e  t h a t  may be formed when c o a l  i s  
gh t e m p e r a t u r e s  w i t h o u t  a d d i n g  ammonia. 

In g e n e r a l ,  t h e  t e s t s  of t a b l e  1 i n d i c a t e  t h a t  an  e x c e s s  c o a l  f e e d  is  
d e s i r a b l e  i n  o r d e r  t o  a t t a i n  maximum u t i l i z a t i o n  o f  t h e  ammonia s i n c e  t h e  
ammonia is by f a r  t h e  more e x p e n s i v e  raw m a t e r i a l .  

? 
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j 
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, .  
' I. TesCs. With .Coals  .of D i f f e r e n t  Rank 

. .  . 
In a d d i t i o n  t o  t h e  h,yab - c o a l ,  l i g n i t e ,  subbi tuminous ,  l o w - v o l a t i l e  b i -  

tuminous ,  and a n t h r a c i t c  c o a l s .  c o a l  c h a r ,  and a c t i v a t e d  carbon were' t e s t e d  as 
raw m a t e r i a l s  f o r  p r o d u c i n g  hydrogen c y a n i d e .  I t  is thought  t h a t  t h e  v o l a t i l e  
m a t t e r  i n . c o a 1  r e a c t s  with t h e  ammonia t o  form hydrogen c y a n i d e ,  t h e r e f o r e  
c o a l s  w i t h  h i g h e r  v o l a t i l e  c o n t e n t  should  produce more hydrogen c y a n i d e .  
v o l a t i l e - m a t t e r  c o n t e n t s  on a m o i s t u r e - f r e e  b a s i s  of t h e  v a r i o u s  m a t e r i a l s  
t e s t e d  a r e  as  f o l l o w s :  

The 

V o l a t i l e  
m a t t e r ,  

Tes  t I d e n t i f i c a t i o n  of  c o a l  Source of  c o a l  percent  

C-123, 124 , .  Hvab, P i t t s b u r g h  seam Bruce ton ,  Pa. 34.0 
125,  198,  
239,  241,  
243 

C -207 A c t i v a t e d  c a r b o n ,  Union Carb ide  an,d 2.0 
Grade SXWC Carbon Corp .  

c - 2  10 A n t h r a c i t e  A n t h r a c i t e  Research 7 . 6  
C e n t e r ,  S c h u y l k i l l  
Haven, Pa. 

C -246 Subb, Laramie seam E r i e ,  Colo.  38 .5  

C -249 Lvb, Pocahontas  #3 seam Stepheson ,  W .  Va. 17 .5  

C-252 L i g n i t e ,  unnamed seam Beulah ,  N .  Dak. 41 .1  

C-254 P r e t r e a t e d  hvab,-  Bruce ton ,  Pa.  32 .6  1/ 

P i t t s b u r g h  seam 

- 1/  

T a b l e  2 shows t h e  r e s u l t s  of t h e s e  t e s t s .  L i g n i t e  w i t h  4 1  p e r c e n t  v o l a t i l e  
m a t t e r  produced t h e  most hydrogen  c y a n i d e ,  0 . 4  cu f t  per  c u b i c  f o o t  of  ammonia 
consumed; a c t i v a t e d  c a r b o n ,  c o n t a i n i n g  t h e  l e a s t  v o l a t i l e  m a t t e r  (2 .0  p e r c e n t ) ,  
produced t h e  l e a s t  hydrogen  c y a n i d e ,  0.007 c u  f t  per  c u b i c  f o o t  of ammonia 
consumed. 

T r e a t e d  with a i r  a t  ZOOo C .  

The chemical  n a t u r e  o f  t h e  v o l a t i l e  m a t t e r  and t h e  oxygen c o n t e n t  of  t h e  
c o a l  may a l s o  a f f e c t  t h e  hydrogen c y a n i d e  y i e l d .  The r a t i o  o f  H, t o  CO i n  t h e  
o f f  g a s e s  v a r i e d  from 2 . 3  t o  1 f o r  subb  c o a l  and 2.4 t o  1 f o r  l i g n i t e  t o  7 to  10 
t o  1 f o r  hvab.  The h i g h e r  carbon monoxide v a l u e s  o b t a i n e d  u i t h  subb c o a l  and 
l i g n i t e  a r e  d u e  t o  t h e  h i g h e r  oxygen c o n t e n t s  o f  t h e s e  c o a l s ,  be ing  1 7 . 1  and 20.3 
p e r c e n t ,  r e s p e c t i v e l y ,  compared w i t h  8.0 p e r c e n t  f o r  t h e  hvab  c o a l .  
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Table  2 . -  Data  from T e s t s  w i t h  Var ious  Coals  and Ammonia w i t h  Helium a t  1.250" C 

I 
I Product  g a s ,  p e r c e n t  

I T e s t  HCNL' H2S & H 2  02 N 2  CO C 0 2  C t 4  C2H4 C 3 H 8  

' C-246 Subb 5.4 0.0 0.0 64.2 0.0 4.9 28.0 0 .5  2 .4  0.0 0.0 , C-249 Lvb 4 .2  .O .O 78.9  .1 14.2 3.6 .O 3.0 .2  t r .  
C-252 L i g n i t e  6 .4  t r .  .O 64.6 .1 6 . 1  26.3 .5 2.4 .O .O 
C-254 P r e t r e a t e d ,  hvab 3 . 8  .1 .O 72.3  .8  10.6 14.3 .O 1 . 9  .O .O 

C-207 A c t i v a t e d  carbon .25 .O .O 70.0 .O 23.0 6.6 .1 0 . 3  .O .O 

I 

j C - 2 1 0  A n t h r a c i t e  0 .2  .o .o 73.4 . 3  21.4 2.9 .4 1 .5  .o .o 

9 Feed 
T o t a l  

S o l  i d s  o f f  g a s  'Length 
He 9 NH3 9 f e e d ,  He-f ree ,  o f  r u n ,  

i 
I c u  f t / h r  c u  f t / h r  l b / h r  cu  f t / h r  min 

1 C-246 Subb 0.91 1.00 0.42 6.88 30 
C-249 Lvb .97 1.00 .47 3.92 30 
C-252 L i g n i t e  1 .06 1.00 .37-.40 6.38 15  
C-254 P r e t r e a t e d ,  hvab 1.04 1.00 .35 5.80 30 
C -210 A n t h r a c i t e  1 .02 1.15 -37- .40 4.15 15 

f C-207 A c t i v a t e d  carbon 1.06 1.15 .62 3 .23  15  

/ Y i e l d ,  cu f t  
1 HCN/cu f t  HCN/cu f t  
J HCN/lb c o a l  f e e d  consumed 

,I C-246 Subb 0.88 0.37 0.37 
C-249 Lvb .34 .16 .16 

/ C-252 L i g n i t e  1.05 .41  . 4 1  
! C-254 P r e t r e a t e d ,  hvab  .63 .22 .22 

C-210 A n t h r a c i t e  . 0 2 l 2 /  .007 .007 > C-207 A c t i v a t e d  carbon .013- .007 .007 

) 
I 

L/ 
- 2 1  

W e t - a n a l y t i c a l  method o f  a n a l y s i s  f o r  HCN o n l y ;  o t h e r  components a r e  t h e  
a v e r a g e  of  2 chromatograph and 2 mass s p e c t r o m e t e r  a n a l y s e s ,  HCN-free b a s i s .  
Per pound of  carbon.  

T e s t s  were made t o  d e t e r m i n e  t h e  e f f e c t  t h a t  oxygen i n  t h e  t r e a t i n g  gas  
would have on t h e  y i e l d  of hydrogen c y a n i d e .  It  was thought  t h a t  t h e  h e a t  f o r  
r a i s i n g  t h e  t e m p e r a t u r e  of  t h e  r e a c t a n t s  t o  r e a c t i o n  t e m p e r a t u r e  c o u l d  be s u p p l i e d  
by d i r e c t  c o n t a c t  w i t h  a h o t  f l u e  gas  c o n t a i n i n g  oxygen i n s t e a d  of by e l e c t r i c  
h e a t i n g  ( t a b l e  3 ) .  I n  t e s t  C - 1 2 5 ,  a maximum y i e l d  of  hydrogen c y a n i d e  was pro-  
duced f o r  t e s t s  wi th  a i r  i n  t h e  t r e a t i n g  gas--0.12 cu f t  of  hydrogen c y a n i d e  per 
c u b i c  f o o t  o f  ammonia consumed, or 9.2 p e r c e n t  hydrogen c y a n i d e  i n  t h e  product  
g a s .  When more than 0.5 percent .  a i r  w a s  fed  i n t o  t h e  r e a c t o r ,  m o i s t u r e  condensed 
on t h e  w a l l s  of  t h e  s o l i d s - c o l l e c t i o n  f l a s k ;  t h e  y i e l d  of  hydrogen c y a n i d e  d e -  
c r e a s e d .  The m o i s t u r e  c o u l d  have been a b s o r b i n g  t h e  hydrogen c y a n i d e  s i n c e  
hydrogen  c y a n i d e  i s  h i g h l y  s o l u b l e  i n  water. T h i s  approach  was abandoned. 



Table 3 . -  P r o d u c t  Gas Analyses  and Y i e l d s  o f  Hydrogen Cyanide from 
T e s t s  w i t h  hvab  Coa l .  Ammonia, and A i r  a t  1,250" C 

Product  g a s ,  p e r c e n t  Length Feed 
of  r u n ,  N&, A i r ,  Coal ,  

T e s t  HC&' C& NH3 H 2  N2 CO min c u  f t / h r  du  f t / h r  l b / h r  

C-123 10.3 1.1 10.2 62.8 16.2 9.7 20 5 .90  0.52 0.17-0.20 
C-124 10.9 0 .6  6.9 62.1 1 7 . 2  13.2 20 2.96 .53 .17 -  .20 
C-125 9.2 .4  9.6 48.4 31.5 10 .1  2 0  3.08 1.08 . 1 7 -  .20 

\ 

T o t a l  Y i e l d ,  c u  f t  
. o f f  g a s ,  HCN/cu f t  HCN/cu f t  N& 

cu f t / h r  HCN/lb c o a l  NKq f e e d  c on s ume d 

C-123 4.18 2.30 0.073 0.078 
C-124 3.05 1 . 7 7  .112 .120 
C-125 3.70 1.82 .110 .123 

\ 

- 1/ W e t - a n a l y t i c a l  method of  a n a l y s i s  f o r  HCN o n l y ;  o t h e r  components a r e  t h e  
a v e r a g e  of 2 chromatograph  and 2 mass s p e c t r o m e t e r  a n a l y s e s ,  HCN-free b a s i s .  

T e s t s  With Methane and Ammonia 

Tests were made w i t h o u t  c o a l  feed %ut  w i t h  amnonia and methane t o  de termine  
t h e  r e s u l t i n g  hydrogen c y a n i d e  y i e l d s  f o r  compar ison .  I n  one s e r i e s  of t e s t s  
2 .0  cu  f t / h r  o f  methane w a s  r e a c t e d  w i t h  ammonia i n  f lows  v a r y i n g  from 0.3 t o  
2 .5  cu  f t / h r  a t  1 ,250 '  C .  A s  i l l u s t r a t e d  i n  f i g u r e  4 ,  y i e l d s  of  0 .18  to 0.61 
cu  f t  o f  hydrogen c y a n i d e  per  c u b i c  f o o t  of  ammonia consumed were o b t a i n e d ,  
e q u i v a l e n t  t o  1 .2  t o  13.8 p e r c e n t  hydrogen c y a n i d e  i n  t h e  product  gas .  The 
y i e l d  o f  hydrogen c y a n i d e  reached a maximum a t  a f e e d  r a t i o  o f  methane t o  a m o n i a  
o f  a b o u t  1 t o  1. 

' A s e r i e s  of tes ts  w a s  made i n  which the methane and ammonia f low r a t e s  
were main ta ined  a t  2 and 1 c u  f t / h r ,  r e s p e c t i v e l y ,  w h i l e  t h e  r e a c t o r  tempera ture  
was i n c r e a s e d  from l , O O O o  t o  1,275' C .  Hydrogen c y a n i d e  y i e l d s  are  p l o t t e d  
w i t h  tempera ture  i n  f i g u r e  5,  i n d i c a t i n g  i n c r e a s e d  hydrogen c y a n i d e  y i e l d s  wi th  
i n c r e a s e d  t e m p e r a t u r e .  
per  c u b i c  f o o t  of  ammonia consumed were o b t a i n e d  a t  t h e  h i g h e r  t e m p e r a t u r e s ,  
w h i l e  a t  1,000" C o n l y  0.07 cu  f t  of  hydrogen c y a n i d e  p e r  c u b i c  f o o t  o f  amnonia 
consumed was formed. 

Maximum y i e l d s  of a b o u t  0.6 c u  f t  of hydrogen cyanide  

To e x p l o r e  t h e  use  of c o a l - d e r i v e d  g a s e s  i n  t h e  f o r m a t i o n  of hydrogen 
c y a n i d e  from amnonia, s y n t h e t i c  m i x t u r e s  of a low- tempera ture  c a r b o n i z a t i o n  
g a s ,  a coke  oven g a s ,  and a producer  gas  were p r e p a r e d  and r e a c t e d  with amnonia 
a t  1.250" C .  
ra t io  o f  1 t o  1. I n  f i g u r e  6 t h e  hydrogen c y a n i d e  y i e l d s  o b t a i n e d  a r e  p l o t t e d  
w i t h  t h e  methane' c o n t e n t s  o f  t h e  c o a l  g a s e s .  
were produced w i t h  i n c r e a s i n g  methane c o n t e n t s  of  the f e e d  g a s .  

Gas f lows  were a d j u s t e d  t o  g i v e  a minimum methane-to-ammonia 

I n c r e a s i n g  hydrogen c y a n i d e  y i e l d s  
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ECONOMIC EVALUATION 

The Bureau o f  Mines Process  E v a l u a t i o n  Group: Morgantown, W. V a . ,  made a 
p r e l i m i n a r y  c o s t  s t u d y  of  an  i n t e g r a t e d  p l a n t  t o  produce hydrogen c y a n i d e  
by r e a c t i o n  of ammonia w i t h  c o a l .  
r e s u l t s  i n c l u d i n g  a y i e l d  o f  0.6 c u  f t  of hydrogen c y a n i d e  p e r  c u b i c  f o o t  o f  
ammonia. E l e c t r i c a l  h e a t i n g  was assumed a s  i n  t h e  b e c c h - s c a l e  tes ts ;  a p l a n t  
c a p a c i t y  o f  40 m i l l i o n  pounds p e r  y e a r  was chosen.  The t o t a l  e s t i m a t e d  
c a p i t a l  inves tment  was $12,930,000 i n c l u d i n g  c o s t s  f o r  power g e n e r a t i o n .  

The c o s t  s t u d y  was based on e x p e r i m e n t a l  

Based on a c o a l  c o s t  o f  $4.00 per  ton and an ammonia c o s t  o f  $100.00 per  
t o n ,  t h e  o p e r a t i n g  c o s t s  b e f o r e  p r o f i t  and t a x e s  would be 5.82 c e n t s  p e r  
pound o f  hydrogen c y a n i d e  product  a l l o w i n g  byproduct  c r e d i t .  A d d i t i o n  o f  
1 2 - p e r c e n t  g r o s s  r e t u r n  on inves tment  would g i v e  p r o d u c t i o n  c o s t s  of  9.7 c e n t s  
per pound of  product  when $4.00 per  t o n  c o a l  i s  used .  The c u r r e n t  marke t  
p r i c e  i s  11.5 c e n t s  per  pound.81 

C r e d i t  h a s  been a l lowed i n  t h e  c o s t  f i g u r e s  f o r  a 7 . 6 - p e r c e n t  y i e l d  of  
carbon b l a c k  and t h e  e x c e s s  c h a r  produced i n  t h e  p r o c e s s .  Some of t h e  c h a r  
and t h e  scrubbed product  g a s  ( c o n t a i n i n g  a b o u t  75 p e r c e n t  hydrogen)  are 
consumed i n  t h e  steam p l a n t  f o r  power g e n e r a t i o n .  E l e c t r i c a l  h e a t i n g ,  which 
was used i n  t h e  t es t  u n i t  and a l s o  i n  t h e  c o s t  f i g u r e s ,  i s  one o f  the most 
e x p e n s i v e  t y p e s  of  h e a t i n g ,  a c c o u n t i n g  f o r  g r e a t e r  t h a n  40 p e r c e n t  o f  t h e  
c a p i t a l  c o s t s  i n  t h e  e s t i m a t e .  I f  c h e a p e r  c o n v e n t i o n a l  h e a t i n g  c o u l d  be u s e d ,  
p r o d u c t i o n  c o s t s  would be lowered c o n s i d e r a b l y .  

CONCLUSIONS 

Hydrogen c y a n i d e  h a s  been produced from c o a l  and amnonia a t  1,250" C i n  
b e n c h - s c a l e  s t u d i e s .  The u s e  o f  a m e t a l  r e a c t o r  w a s  u n s u c c e s s f u l  because  t h e  
metal f a i l e d  a t  t h e  t e m p e r a t u r e s  r e q u i r e d ,  and t h e  y i e l d  of  hydrogen  c y a n i d e  
was low. The y i e l d  was improved g r e a t l y  when a r e f r a c t o r y  ceramic  r e a c t o r  w a s  
u s e d .  

Hydrogen c y a n i d e  y i e l d s  a p p r o x i m a t i n g  s t o i c h i o m e t r i c  o f  1 c u  f t  of  hydrogen 
c y a n i d e  p e r  c u b i c  f o o t  of  ammonia r e a c t e d  were o b t a i n e d  a t  l o w  f l o w s  of  ammonia. 
A t  higher amnonia f l o w s ,  ammonia c o n v e r s i o n  o f  about  75 p e r c e n t  w a s  o b t a i n e d ,  
which is  t h e  u s u a l  c o n v e r s i o n  a t t a i n e d  i n  commercial  u n i t s  u s i n g  n a t u r a l  gas  
and a p l a t i n u m  c a t a l y s t .  

The l o w - v o l a t i l e  c o a l s  gave low y i e l d s  of hydrogen c y a n i d e ;  t h e  h i g h -  
v o l a t i l e  c o a l s  gave t h e  b e s t  y i e l d s .  The r e s u l t s  i n d i c a t e d  that  t h e  hydrogen 
cyahi.de is produced by r e a c t i o n  o f  amnonia w i t h  t h e  hydrocarbons  i n  t h e  c o a l .  
Y i e l d s  o f  hydrogen c y a n i d e  from r e a c t i o n  o f  ammonia w i t h  gas  m i x t u r e s  con-  
t a i n i n g  methane are d i r e c t l y  r e l a t e d  t o  t h e  methane c o n t e n t  of t h e  g a s .  

Cost  s t u d i e s  i n d i c a t e  t h a t  hydrogen c y a n i d e  c a n  be produced from c o a l  
and aunnonia a t  a p r i c e  a p p r o x i m a t i n g  t h e  p o s t e d  sales p r i c e .  
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F i g u r e  2. E n c l o s u r e  s u r r o u n d i n g  hydrogen c y a n i d e  u n i t .  
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Figure  3 .  Hydrogen cyan ide  r e a c t o r .  
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